The use of fresh water in the textile wash-off process is becoming more expensive day by day due to declining water levels in the region. In this study, the potential of using Fenton oxidation in wash-off cotton reactive dyeing was investigated. The spent wash-off wastewater from one dyeing was first were subjected to quality evaluations in terms of color difference properties (ΔL*, Δc*,Δb*, Δa*, ΔE*cmc) and wash fastness properties. This study concluded that after Fenton oxidation, treated liquor can be effectively reused subsequent washing-offs without compromising fabric quality parameters as ΔE*cmc was less than 1, and washing and crocking was also in the range of 4.5-5 which is commercially acceptable. Moreover, the difference in color strength in terms of k/s was also negligible.
INTRODUCTION
Water is the basic need of every living organism and one of the most valuable resources on Earth. It covers about twothirds of the Earth's surface (Akali et al. ) . However, due to the growing population, industrialization and urbanization, the usage of water is increasing, making it more and more scarce and expensive. Many industries, such as textile, paper and pulp, dyeing and printing industries, are causing water pollution by discharging their effluent into water bodies (Christensen et al. ) . The textile industry is one of the major industrial sectors which consumes high volumes of water for its various processes and consequently discharges large amounts of highly polluted water (Patel & Shah ) . It is estimated that approximately 100,000 different synthetic dyes are produced annually (Tunc et al. ) .
Various industries release dyes into wastewater, thus creating environmental issues due to the persistent and recalcitrant nature of dyes (McMullan et al. ) . Reactive dyes are highly colored substances having a chromophore group like azo, anthraquinone, etc., and a substituent, e.g. vinylsulfone, chlorotriazine which attach to the fibers by forming a covalent bond during the dyeing process. Reactive dyes are used mostly for the coloration of cellulosic fibers such as cotton. In the dyeing process, almost 50-90% reactive dyes adsorbed to fibers by covalent bond and the remainder underwent hydrolysis, i.e. they react with water, so it is required to wash away the non-bonding dye from fiber by using extensive amounts of water (Pierce ).
The intense color of wastewater generated with a high chemical oxygen demand (COD) necessitates an efficient treatment process before discharge. Effluent treatment and recycling of water are beneficial to the environment as they reduce the pollution discharge and provide treated wastewater for reuse purposes. In this study, the treatment of wash-off liquor was carried out by Fenton oxidation and treated wastewater was reused in the next dyeing process. The efficiency of the Fenton process for removing the hydrolyzed dyes is compared by evaluating the washed fabrics and washing liquors.
MATERIAL AND METHODS
In this research work, pre-bleached single jersey cotton 
Dyeing and wash-off steps
Ten grams of cotton fabric was dyed individually with a 5%
shade depth consisting of two fabric swatches (5 g each) with a liquor ratio of 1:10 using 80 g/L of sodium chloride and 20 g/L of sodium carbonate for each synthetic dye stuff. As Figure 1 shows, the dyeing process for each type of dye stuff was accomplished at 60 C for 60 minutes using an isothermal dyeing method. All dyeing experiments were carried out in sealed 300 mL capacity stainless steel dyeing pots housed in an AHIBA Nuance Laboratory dyeing machine by Datacolor. The dyeing method conditions are schematized in Figure 1 . To remove unfixed dyes, fabric was washed-off after dyeing. One 5 g dyed fabric swatch was washed-off according to conventional methods as shown in Table 2 , in which fabric was constantly stirred in each step and this fabric was regarded as reference. 
Fenton oxidation
Wash-off wastewater collected after each dyeing was mixed and subjected to Fenton oxidation by using a simple laboratory set-up that comprised a glass beaker (1,000 mL) placed on a stirring device at room temperature. pH of the samples were adjusted by using 0.5 M H 2 SO 4 and 0.5 M NaOH. After that, pre-determined amounts of catalyst (Equation (2)): Percentage color removal was determined by using a UV/VIS spectrophotometer with the following equation:
where A 0 ¼ absorbance untreated wash-off liquor, A ¼ absorbance of Fenton treated wash-off liquor. The characteristics of wash-off wastewater are summarized in Table 3 .
Reuse of treated wastewater
After Fenton oxidation, wastewater was reused in the next wash-off of the sample dyed fabric (5 g swatch) for each dye and this fabric was labeled as batch.
Testing protocols
Dyed samples obtained from standard dyeing and those using Fenton treated wastewater were subjected to color hue h) will be calculated and total color differences (color difference ΔE*, lightness difference ΔL*, chroma difference ΔC*, and hue difference Δh*) was determined using the following CMC equation:
Fastness properties of dyed fabrics for washing and rubbings were evaluated according to AATCC test (Colorfastness to Crocking) were followed because these are commonly used in the industry. Grey scale 1 (poor) to 5 (excellent) was used for wash fastness properties.
RESULTS AND DISCUSSION
Fenton treatment results TDS (ppm) 2,000-4,000 3,000-4,500 EC (μS/cm) 1,500-1,700 1,700-1,900
Effect of pH on color removal
Figure 2 | Effect of pH on % color removal.
Effect of ferrous ion concentration on color removal
Laboratory scale studies to optimize the dose of ferrous ions to mineralize the organics is essential as a high amount of unutilized iron ions will increase the total dissolved solids (TDS) of effluent and it may render the reuse of wastewater 
Evaluation of color strength
Color strength of standard and batch samples were compared in terms of k/s values as shown in Table 4 , which was measured by using a Datacolor SF 600 spectrophotometer (USA). Δ k/s values were studied by using the following equation:
Evaluation of color difference properties
Color difference values of dyed fabric between standard (dyed in fresh water) and batch (those wash-off using Fenton treated wastewater) samples were compared. Color difference in terms of ΔL*(lightness/darkness), Δc* (weaker/stronger), Δh*(hue difference) and ΔE*cmc (total color difference) results are shown in Table 5 . If the value is positive, it means the color of the batch sample is lighter given in Figure 5 show that the total color difference (ΔE* cmc) values of almost all dyeing were found to be less than 1.0, which is a commercially acceptable limit.
Evaluation of wash fastness properties Table 6 shows a comparison of wash fastness of both reference and fabric dyed in Fenton treated wash-off wastewater.
The results indicated that dry and wet rubbing and staining to a multifibre strip showed identical wash fastness as the changes in shade were acceptable as all results were in the range of 4.5-5 (Hossain et al. ) . The dry and wet crocking results are provided in Table 7 . The good fastness values and low difference in color confirmed that Fenton treated wastewater would be an acceptable option to using Fenton 
